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Abstract. According to theKenyaNational School-BasedDewormingprogram launched in 2012and implemented for
the first 5 years (2012–2017), the prevalence of soil-transmitted helminths (STH) and schistosomiasis substantially
reducedover thementionedperiod among the surveyed schools. However, this reduction is heterogeneous. In this study,
weaimed todetermine the factors associatedwith the 5-year school-level infection prevalence and relative reduction (RR)
in prevalence in Kenya following the implementation of the program. Multiple variables related to treatment, water,
sanitation, and hygiene (WASH) and environmental factors were assembled and included in mixed-effects linear re-
gression models to identify key determinants of the school location STH and schistosomiasis prevalence and RR.
Reduced prevalence of Ascaris lumbricoides was associated with low (< 1%) baseline prevalence, seven rounds of
treatment, high (50–75%) self-reported coverage of household handwashing facility equipped with water and soap, high
(20–25C) land surface temperature, and community population density of 5–10 people per 100m2. Reduced hookworm
prevalence was associated with low (< 1%) baseline prevalence and the presence of a school feeding program. Reduced
Trichuris trichiura prevalence was associated with low (< 1%) baseline prevalence. Reduced Schistosoma mansoni
prevalence was associated with low (< 1%) baseline prevalence, three treatment rounds, and high (> 75%) reported
coverage of a household improved water source. Reduced Schistosoma haematobium was associated with high aridity
index. Analysis indicated that a combination of factors, including the number of treatment rounds, multiple related
program interventions, community- and school-level WASH, and several environmental factors had a major influence on
the school-level infection transmission and reduction.
INTRODUCTION
Soil-transmitted helminths (STH), including Ascaris lum-
bricoides, Trichuris trichiura, and the hookworms (Necator
americanus and Ancylostoma duodenale), and also schisto-
somes (Schistosoma mansoni and Schistosoma haematobium)
are among theneglected tropical diseases (NTDs) earmarked for
global elimination by 2030 by the World Health Organization
(WHO).1According toglobal estimates,STHandschistosomiasis
are endemic in 166 and 76 countries, respectively.2,3 Combined,
these infections affectmore than threebillionpeople globally,most
of whom live in sub-Saharan Africa.4 Most of the endemic
countries, including Kenya, have been implementing mass drug
administration (MDA) programs using either school-based or
community-based programs.5–7 Currently, preventive chemo-
therapymeasuresconsist of annual orbiannualmass treatments
using albendazole or mebendazole for STH and praziquantel for
schistosomiasis, based on assessed risk within each country.8
Kenya has been conducting a National School-Based
Deworming (NSBD) program since 2012 by delivering treat-
ment, through anMDA program, for STH and schistosomiasis
to all school-agedchildren in all primary schools in 28 endemic
counties spread across various regions of Kenya.9–11 The
program’s impact on parasitological outcomes among the
treated children has been closely monitored through a rigor-
ous monitoring and evaluation (M&E) program, with the first 5
years of monitoring performed between 2012 and 2017.8,9,12
However, the impact of such a national large-scale program is
usually known to be influenced by a variety of different factors,
some of which are beyond the control of the program.6 Past
modeling studies on STH and schistosome infection trans-
missiondynamicshave indicated that prevalence reductionas
a direct consequence of treatment is influenced by the un-
derlying intensity of the infection transmission (usually de-
termined by the basic reproduction number, Ro), efficacy of
the drugs used, and proportion of the overall population
treated (i.e., treatment coverage).6,13,14 Furthermore, water,
sanitation, and hygiene (WASH) availability as well as asso-
ciated practices and behaviors have been shown to influence
the rate of exposure to infectiousmaterials in the environment
(ova and larvae).15 In addition, the survival of free-living stages
in the environment is influenced by various climatic and en-
vironmental factors.16
In this study, we assessed the factors associated with the
school-level prevalence of STH and schistosome infections
among theschoolsparticipating in theM&Eprogram,adeviation
from the commonly studied individual-level factors. Specifically,
we aimed to investigate the effect of treatment, including the
number of treatment rounds and coverage, community- and
school-level WASH conditions, and environmental conditions
around the school location. This is the first kind of investigation
involving the inclusion of environmental factors in a large-scale
national program within the country.
MATERIALS AND METHODS
Kenya National School-Based Deworming program
context. Kenya has been implementing a countrywide NSBD
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program since 2012, and is currently ongoing. The program
aims todeworm, annually, all schoolchildren living inSTH- and
schistosomiasis-endemic subcounties to achieve elimination
of these infections as a public health problem. The impact
evaluation of the program is conducted independently by the
Kenya Medical Research Institute (KEMRI) through a robust
M&E program. The first 5 years (phase one) of the M&E pro-
gramwas implemented between 2012 and 2017,8,9,12 and the
second phase is currently ongoing.17 The M&E program
conducts impact evaluation through a series of repeat cross-
sectional surveys in a representative, stratified, two-stage
sample of schoolchildren across counties in Kenya to de-
termine the national infection prevalence levels, as described
in their first three surveys of phase one of the program: year 1,
year 3, and year 5,8,9,12 and year 6 for phase two.17 During year
1 to year 5 surveys, an average of 199 schools per survey
round in 16 counties in four regions: Western, Nyanza, Rift
Valley, andCoast,were surveyedbefore treatment tomeasure
the national infection levels. However, only 100 schools (five
schools per county) were sampled during year 6 survey in 20
counties in six regions; Western, Nyanza, Rift Valley, Coast,
Eastern, and North Eastern. In each of the sampled schools,
18 children (nine girls and nine boys) were sampled randomly
from each of the six classes, including one early childhood
development (ECD) class and classes 2–6, using random
numbers, for a total of approximately 108 children per school.
At each survey point, the programprocessed and examined in
duplicate single stool or urine samples from each selected
child for the identification of STH and schistosomiasis eggs
using theKato–Katz thick smearor urinefiltration techniques.8,18
However, a comprehensive WASH questionnaire was only ad-
ministered toall surveyparticipantsduring theyear6survey,with
only limited WASH questions asked during year 5 survey.
Current analysis framework. The long-term observable
impact of the NSBD program between year 1 and follow-up
assessments leading to year 5 can be interpreted in terms of
the following processes: 1) immediate infection reductions
following yearly treatments: this depends on the drug efficacy
and treatment coverage; 2) the rate of reinfection between the
treatments, as explained by Nikolay et al.6; 3) the availability of
the improved WASH conditions at school and home environ-
ments, as explained elsewhere19; 4) the environmental condi-
tions that potentially influence the survival of free-living infectious
materials in the environment; and 5) the availability of other
complementary treatments by partner programs that deliver
anthelminthic drugs. This analysis is based on a mixed-effects
linear regression framework that incorporated key factors be-
lieved to be associated with a long-term infection impact. We
therefore identified and assembled relevant indicator school-
level data for all the sampled 199 schools in Kenya (Table 1).
Data and data sources. School-level infection prevalence.
Infection prevalence information for each school is usually
recorded within the NSBD program by KEMRI during each
survey round. The school’s infection prevalence was de-
fined as the averaged infection prevalence observed among
schoolchildren surveyed at that school (sample size of 108
children). In this analysis, we used two variables for school-
level prevalence: prevalence data collected during baseline
(year 1) survey, and that collected during the year 5 pre-
treatment survey, so as to enable the calculation of the prev-
alence relative reduction (PRR) over the 5-year period in the
modeling. For each school, the PRR was derived as the
difference in prevalence between year 1 and year 5 infection
prevalence.
School-level treatment coverage. Treatment coverage in-
formation for each school is usually recordedwithin the NSBD
program, after each deworming activity, by Evidence Action:
an international nongovernmental organization that provides
technical support to thegovernment’sNSBDprogram.School-
level treatment coverage for each infection was aggregated
and presented at the subcounty level. Treatment coverage
was determined as the number of children who received
treatment for each infection divided by the number targeted at
each participating school. In addition, data on the number of
treatment rounds since year 1 (2012) were accessed and
compiled for each subcounty within the NSBD program geo-
graphic area. This required seeking permission to access data
from other programs that distribute albendazole and prazi-
quantel within the NSBD program geographic area; these
programs included the Kenya lymphatic filariasis (LF) elimi-
nation program,20 Tuangamize Minyoo Kenya Imarisha Afya
(TUMIKIA) project,7 and Schistosomiasis Consortium for Oper-
ational Research and Evaluation (SCORE) project.21 As a result,
two variables were created, one which was a discrete variable
recording the number of treatment rounds at the subcounty level
within the whole NSBD geographic area, ranging from zero to
seven rounds, and the other which categorized the treatment
areas into two (i.e., areas treatedby theNSBDprogramonly, and
areas treated by both NSBD and other partners).
School-level water, sanitation, and hygiene conditions.
Adequate access to appropriate WASH facilities may limit
exposure of children to the infectious materials in the school
environment.15 In this analysis, improved water source was
defined as the proportion of the respondents with piped water
intodwelling, pipedwater into yard/plot, public tap, boreholes,
protected wells or springs, rain water collection, and bottled
water,whereas improved latrinewasdefinedas theproportion
of the respondentswith flush toilet, toilet connected to a piped
sewer system, toilet connected to a septic system, flush to a
pit latrine, pit latrine with slab, ventilated improved pit latrine,
and composting toilet. These definitions are in accordance
with those of the WHO/UNICEF Joint Monitoring Programme
(JMP) for Water Supply, Sanitation, and Hygiene.22 The fol-
lowing school-level WASH factors were assessed: type of
water source (improved versus unimproved), type of latrine
(improved versus unimproved), availability of handwashing
facility equipped with soap and water for washing of hands,
school population, pupil per latrine ratio (overall and dis-
aggregated by gender), latrine cleanliness and its structural
integrity, and availability of other school programs such as
school feeding and sanitation programs. Latrine cleanliness
was assessed by the absence of strong smell, absence of
visible feces on the latrine floor, and clean floor, whereas la-
trine structural integrity was assessed by the evidence of all
the following: roof and walls with no holes, a functional lock-
able door, and a stable floor slab.17 Information on these
school-level WASH conditions were collected during year 5
and 6 surveys by interviewing the pupils, head teachers, or
visual inspection (Table 1). However, for some schools, some
WASH conditions were missing, such as the availability of a
handwashing facility (121 schools), and latrine cleanliness and
its structural integrity (121 schools).
Household-level water, sanitation, and hygiene conditions.
In addition, adequate access to WASH conditions at the
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household level may limit the rate of reinfection after treatment;
limited access to appropriate WASH conditions including
sanitation at the household-level increases exposure of the
children to the infectiousmaterials.19 In this analysis,we included
the following household-level WASH conditions as reported by
the pupils during the year 6 survey: household access to im-
proved water source, any type of household sanitation, and hy-
giene facility (i.e., handwashing facility equipped with soap and
water) (Table1). Thesevariableswerecategorizedasproportions
of thechildrenwho reportedaccess to theseWASHconditionsat
their household. However, all these household-level WASH
conditions were missing for 121 schools.
School-level environmental data. Several environmental
conditions have been determined as the potential influencers
of the survival of free-living infectious materials in the envi-
ronment, and hence they boost the transmission success of
STH and schistosomiasis.6,16 In this analysis, we considered
and extracted the following environmental factors, known to
be influencers of helminth survival, from high-resolution sat-
ellite data from variety of sources andmatched them to school
locations: estimates of monthly average land surface tem-
perature (LST) and precipitation at 30-arcsec (∼1 km) were
downloaded from the WorldClim,23 elevation at 30 m resolu-
tion and land cover at 1 km resolution were obtained from the
Regional Center for Mapping of Resources for Development
(RCMRD) Geoportal,24,25 slope values were estimated from
the elevation values, enhanced vegetation index (which mea-
sure vegetation density) at 1-km resolution was obtained from
the Moderate Resolution Imaging Spectroradiometer,26 soil
type at 250 m resolution was obtained from International Soil
Reference Information Centre-World Soil Information,27 arid-
ity index (AI) at 1 km resolution was obtained from the Con-
sortium for Spatial Information (CGIAR-CSI),28 and population
density (population per 100 m2) at 100 m resolution was
obtained from WorldPop.29 These factors were documented
and estimated for each school location by creating a buffer of
1 km around each school, with data averaged over the array of
estimates (Table 1).
Statistical analysis. Regression analysis to determine the
association with the impact of the deworming program was
conducted in relation to several factors hypothesized to in-
fluence school-level infection prevalence in Kenya. The fac-
tors included in the analysis were variables related to treatment
coverage and rounds, reported household-level WASH con-
ditions, reported and observed school-level WASH condi-
tions, and environmental conditions. A detailed description of
all the variables included in this analysis is outlined in Table 1.
Some schools hadmissing data for some of the covariates (as
seen in theData andDataSources subsection); because those
missing data could not be retrospectively collected, those
schools were excluded from the analysis for those particular
covariates only, and those covariates were investigated to
determine if they had enough observations to warrant their
inclusion in the respective models. Furthermore, all cova-
riates were investigated to determine if they had sufficient
observations/cell sizes needed to perform the analyses, and
TABLE 1
School and community WASH and environmental condition indicator components included in the analysis of factors associated with school-level
soil-transmitted helminths and schistosome infection prevalence in Kenya
Indicator Component Source
Infection prevalence Baseline (year 1) infection prevalence (%) Baseline survey9
Year 5 infection prevalence (%) Year 5 survey8
Prevalence relative reduction (%) Year 5 survey8
Treatment data Year 4 treatment coverage (%), summarized at the subcounty level Evidence action
Number of treatment rounds with albendazole since year 1 Evidence action and partner programs
Number of treatment rounds with praziquantel since year 1 Evidence action and partner programs
Classification of the areas according to whether they were treated by
National School Based Deworming or partner programs
Evidence action and partner programs
Community-level
WASH conditions
Household access to improved water source Year 6 survey17
Household access to any sanitation Year 6 survey17
Household access to handwashing facility with soap and water Year 6 survey17
School-level WASH
conditions
Type of water source (i.e., improved vs. unimproved) Year 5 and 6 surveys8,17
Type of sanitation (i.e., improved vs. unimproved) Year 5 and 6 surveys8,17
Availability of handwashing facility equipped with soap and water Year 5 and 6 surveys8,17
School population Year 5 and 6 surveys8,17
Pupil per latrine ratio (overall) Year 5 and 6 surveys8,17
Availability of other programs (e.g., school feeding program and
sanitation program)
Year 5 survey8
Latrine cleanliness and its structural integrity Year 6 survey17
Environmental
conditions
Land surface temperature (C) (1 km resolution) WorldClim23
Aridity index (1 km resolution) CGIAR Consortium for Spatial Information
Figshare open data repository28
Enhanced vegetation index (1 km resolution) Moderate Resolution Imaging
Spectroradiometer vegetation indices26
Population density (population per 100 m2), (average projected
population 2019) (100 m resolution)
WorldPop29
Mean monthly precipitation (1 km resolution) WorldClim23
Elevation (30 m resolution) RCMRD GeoPortal24
Slope (30 m resolution) Calculated from the elevation values
Land cover (1 km resolution) RCMRD GeoPortal25
Soil type (250 m resolution) International Soil Reference Information
Centre world soil information27
RCMRD = Regional Center for Mapping of Resources for Development; WASH = water, sanitation, and hygiene.
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where insufficient observationswere observed, the covariates
were dropped.
Because we were interested in the factors directly associ-
ated with the school-level changes in the infection prevalence
and PRR for both STH and schistosome infections, the out-
come variables were defined at the school level as the year 5
averaged infection prevalence and PRR for each STH and
schistosome species. The analysis was performed separately
for each of these two outcomes of interest. School-level preva-
lencewas defined as the average number of pupils infectedwith
a particular infection over the total number examined (i.e.,
School prevalence=
h
Number of pupils positive
Number of pupils examined
i
×100%) at that
timepoint, andschool-levelPRRwasdefinedas thedifference in
infection prevalence between year 1 and year 5 surveys (i.e.,
PRR=
h




tive values of PRR indicated an increase in prevalence as op-
posed to RR. The association of the outcome variables with the
outlined independent covariateswas thenmodeledseparately in
a two-step approach: univariable and multivariable analyses
using multilevel mixed-effects linear regression models with a
random intercept at county and subcounty levels. A subcounty
random interceptwas included in themodels because a number
of schools were clustered within a given subcounty.
Factors associatedwith the school-level prevalence or PRR
for each infection were first analyzed using univariable anal-
ysis, and covariateswere considered for further analysis using
multivariable mixed-effects linear regression if the 95%CIs of
the coefficients did not include zero. Toavoid collinearity in the
multivariable models, the covariance of the selected variables
was investigated pairwise to determine if any strong correla-
tion (r ³ 70 or r £ −0.70) existed among the variables. Three
pairs of variables showedstrongcollinearity (AIwas correlated
with improved household water source, elevation was corre-
lated with improved household water source, and elevation
was correlated with LST) (Supplemental Table S1), and to
ensure that no correlated pairs were included in the same
model, we retained only covariates with the highest number of
observations. We then developed the multivariable mixed-
effects linear regression model for each infection using a se-
quential block-wise approach,where the variables found to be
significant in the univariable analysis were included and
eliminated one at a time until the most parsimonious model
was obtained. The finalmodel included only covariates whose
95% CIs of the coefficients did not include zero. For both
univariable and multivariable models, negative values of the
coefficients (C) indicated a decrease in the school-level in-
fection prevalence or lower PRR, whereas positive values of
the coefficients indicated an increase in the school-level in-
fection prevalence or higher PRR. The structure of the linear
mixed-effects model used is shown in Appendix A1.
All the statistical analyses were carried out using STATA
version 15.1 (STATACorporation, College Station, TX), and all
graphs were developed using the ggplot package imple-
mented in R.30
RESULTS
Summary of the program impact after 5 years of
implementation. Detailed analysis of the NSBD program
impact after 5 years of implementation is presented elsewhere
by Mwandawiro et al.8 However, in summary, among the 199
schools included in this current analysis and surveyed during
year 1 (2012) and year 5 (2017), combined STH prevalence
was 32.3% (A. lumbricoides 18.1%, hookworm 15.4%, and T.
trichiura 6.7%) during year 1, and was 13.5% (A. lumbricoides
9.6%, hookworm 1.3%, and T. trichiura 4.1%) after 5 years.
Accordingly, the schistosomiasis prevalence was 14.8%
and 2.1% during year 1, and 2.4% and 1.7% during year 5 for
S. haematobium and S. mansoni, respectively (Figure 1). The
associated 5-year PRR was 58.2% (P < 0.001), 46.8% (P <
0.001), 91.6% (P < 0.001), and 38.4% (P < 0.001) for STH
combined, A. lumbricoides, hookworm, and T. trichiura, re-
spectively, and 84.0% (P < 0.001) and 19.3% (P = 0.062) for
S. haematobium and S. mansoni, respectively.
On average, the whole country has received four rounds of
treatment (range: 3–7 rounds) for albendazole and one round
(range: 0–5 rounds) for praziquantel over the last 5 years. The
average treatment rounds for the NSBD program areas (i.e.,
areas treated for STH/schistosomiasis only by the NSBD
program) were also four rounds (range: 3–4 rounds) for
albendazole and one round (range: 0–5 rounds) for prazi-
quantel. Therefore, areas treated by both the LF and NSBD
program using albendazole, which include counties in the
coastal region, had achieved an average of seven rounds
(range: 6–7 rounds) within the 5-year period. From these re-
sults, we see that either some schools analyzed had missed
out on the regular treatment program or the treatment was not
delivered in some program years. Therefore, in this current
analysis, we present the results of the school-level associa-
tions between infection prevalence and treatment coverage
and other factors related to WASH and environment.
Univariable analysis between infection prevalence and
water, sanitation, and hygiene; treatment coverage; and
environmental influences. Univariable analysis was con-
ductedon eachof the twooutcomes, infection prevalence and
PRR, for each STH and schistosome species. Supplemental
Tables S2 and S3 provide the details of univariable analysis
results for each STH and schistosome species, respectively.
In the univariable analysis for A. lumbricoides, of the 25
variables considered, sevenwere significantly associatedwith
reduced school-level A. lumbricoides prevalence and two
were significantly associated with increased school-level
prevalence. Reduced A. lumbricoides prevalence in year 5
was significantly associated with low (< 1%) baseline preva-
lence, a high (seven rounds) number of rounds of treatment,
and areas treated by both LF and NSBD programs. In terms of
environmental features, reduced A. lumbricoides prevalence
was significantly associated with 25C of LST, 20–70 mm/
hour of precipitation (showers of rainfall), and low elevation
of the school (< 500 m; near sea level altitude). Increased
A. lumbricoides prevalence in year 5 was significantly asso-
ciated with high (³ 1,000 pupils) school population, and a high
AI (hyper-humidity). On the other hand, lower PRR was sig-
nificantly associated with low (< 1%) baseline prevalence,
whereas higher PRR was significantly associated with clean
latrines at school and low elevation of the school (< 500 m;
near sea level altitude; Supplemental Table S2).
In the univariable analysis for hookworms, reduced preva-
lence in year 5 was significantly associated with the presence
of a school feeding program. Increased prevalence was sig-
nificantly associatedwith a high (60–90) pupils per latrine ratio,
20–25C LST, and the school being on a moderately steep
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slope. Looking at PRR as an outcome, lower PRR was sig-
nificantly associatedwith a high (60–90) pupils per latrine ratio,
whereas higher PRR was significantly associated with four
rounds of treatment (Supplemental Table S2).
Univariable analysis forT. trichiura showed that reduced risk
of prevalence in year 5 was significantly associated with low
(< 1%) baseline prevalence, high (50–75%) reported coverage
of household improved water source, and school population
of 200–499 pupils. Increased risk of T. trichiura prevalence
was not significantly associated with any of the evaluated
covariates, but was mildly nonsignificantly associated with a
high (60–90 pupils) pupils per latrine ratio and community
populationdensity of 5–10peopleper 100m2. In termsofPRR,
lower PRR was significantly associated with high (50–75%)
reported coverage of a household handwashing facility equip-
ped with water and soap. Higher PRR was significantly associ-
ated with areas treated by both LF and NSBD programs, and
areas with more than 25C of LST (Supplemental Table S2).
Results for univariable analysis forS.mansoni indicated that
reducedprevalence in year 5was significantly associatedwith
baseline prevalence, with a gradient effect observed from low
(< 1%) baseline prevalence, 1–10% baseline prevalence, and
10–50% baseline prevalence. Increased prevalence was sig-
nificantly associated with moderately low (25–50%) reported
coverage of a household improved water source, LST of
20–25C, clay soil type, community population density of 5–10
people per 100 m2, 4+ treatment rounds, 75–85% treatment
coverage, the presence of a school feeding program, and the
presence of a school sanitation program. From the results,
lower PRR was significantly associated with one treatment
round, and 50–75% reported coverage of a household
handwashing facility equipped with water and soap. Higher
PRR was significantly associated with a low pupils per latrine
ratio (< 30 pupils) (Supplemental Table S3).
Univariable analyses for S. haematobium indicated that
reducedprevalence in year 5was significantly associatedwith
clay soil type, whereas increased prevalence was significantly
associated with a low number (two) of treatment rounds, high
AI (hyper-humid), and availability of a school handwashing
facility equipped with water and soap. From the results, lower
PRR was significantly associated with baseline prevalence of
1–10%,whereas higher PRRwas significantly associatedwith
the availability of school handwashing facility equipped with
water and soap, and areas receiving 20–70 mm/hour of pre-
cipitation (Supplemental Table S3).
Multivariable analysis between infection prevalence
andwater, sanitation, andhygiene; treatment coverage; and
environmental influences. Before conducting multivariable
FIGURE 1. Comparison of year 1 and year 5 infection prevalence for soil-transmitted helminths (STH) and schistosome species among the 199
schools included in the analysis. The prevalence together with the associated 95% CI was estimated using binomial regression model while
accounting for school clusters.
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analysis, pairwise correlation analysis was performed on all the
continuous covariates selected for inclusion in the multivariable
models to determine if strong (r ³ 0.70 or r £ −0.70) collinearity
existed among the variables. From the results of this pairwise
correlation analysis (Supplemental Table S1), strong collinearity
existed betweenAI and proportion of householdswith improved
water source (r = −0.721), elevation and proportion of house-
holdswith improvedwater source (r=−0.704), andelevation and
LST (r = −0.988). Therefore, effort was made to ensure that no
two collinear covariates were included in a single multivariable
model.
Results from the multivariable model for A. lumbricoides
indicated that reduced risk for school-level infection preva-
lence in year 5 was significantly associated with baseline
prevalence, with a gradient effect observed from low (< 1%)
baseline prevalence (coefficient [C] = −28.16, P < 0.001),
1–20% baseline prevalence (C = −25.80, P < 0.001), and
20–50% baseline prevalence (C = −13.55, P < 0.001), com-
pared with > 50% baseline prevalence. Also gradient effect
with treatment rounds was observed, from four rounds
(C=−12.64,P< 0.001), six rounds (C=−24.60,P< 0.001), and
seven rounds (C = −27.29, P < 0.001), compared with three
rounds. Furthermore, reduced prevalence was associated
with high (50–75%) self-reported coverage of a household
handwashing facility equippedwithwater and soap compared
with < 25% reported coverage (C=−7.06,P= 0.012), 20–25C
of LST compared with < 20C (C = −4.99, P = 0.015), and
community population density of 5–10 people per 100 m2
compared with < 5 people per 100 m2 (C = −4.16, P = 0.049).
Increased prevalence was associated with school population
of ³ 1,000 pupils compared with < 200 pupils (C = 15.84, P <
0.001). In terms of PRR, lower PRR was associated with low
(< 1%) baseline prevalence compared with > 50% baseline
prevalence (C = −210.04,P = 0.001), whereas higher PRRwas
associated with low elevation of the school (< 500m; near sea
level altitude) comparedwithmoderate altitude (2000–3000m)
(C = 254.61, P < 0.001) (Table 2).
Multivariable analysis of hookworms indicated that reduced
risk for school-level infection prevalence in year 5 was signif-
icantly associated with low (< 1%) baseline prevalence com-
pared with > 50% baseline prevalence (C = −3.10, P < 0.001)
and a school feeding program (C = −1.09, P = 0.005), whereas
increased risk was significantly associated with a high (60–90)
pupils per latrine ratio compared with a very high (> 90 pupils)
TABLE 2
Multivariable analysis of factors associated with the school-level A. lumbricoides PRR among 199 schools surveyed during year 5 survey in Kenya
Covariate
A. lumbricoides (coefficient (95% CI), P-value)*
Prevalence PRR
Baseline prevalence, %
< 1 −28.16 (−35.11;−21.20), P < 0.001 −210.04 (−329.29;−90.80), P = 0.001
1–20 −25.80 (−32.00;−19.60), P < 0.001 −26.49 (−117.93;64.96), P = 0.570
20–50 −13.55 (−19.19;−7.91), P < 0.001 −25.59 (−66.59;117.77), P = 0.586
> 50 Reference
Treatment covariates
Treatment rounds with ABZ
Three Reference
Four −12.64 (−18.48;−6.80), P < 0.001
Six −24.60 (−35.04;−14.17), P < 0.001
Seven −27.29 (−36.23;−18.36), P < 0.001
Household WASH covariates
Proportion of children reporting handwashing
facility with soap and water at home, %
< 25 Reference
25–50 −4.04 (−9.52;1.43), P = 0.147
50–75 −7.06 (−12.57;−1.56), P = 0.012




200–499 8.64 (1.96;15.31), P = 0.011
500–999 6.30 (−0.39;12.98), P = 0.065
³ 1,000 15.84 (7.22;24.47), P < 0.001
Environmental covariates
Land surface temperature (C)
< 20 Reference
20–25 −4.99 (−9.02;−0.96), P = 0.015
> 25 Insufficient obs
Elevation (in meters)
< 500 (near sea level) 254.61 (155.54;353.68), P < 0.001
500–2000 (low altitude) 143.75 (71.19;216.32), P < 0.001
2000–3,000 (moderate altitude) Reference
Population density (per 100m2)
< 5 Reference
5–10 −4.16 (−8.30;−0.02), P = 0.049
³ 10 −1.15 (−6.19;3.90), P = 0.656
A. lumbricoides = Ascaris lumbricoides; PRR = prevalence relative reduction; WASH = water, sanitation, and hygiene.
* Regression coefficients of association together with their 95%CIswere determined usingmultivariablemixed-effects linear regressionmodelswith a random intercept at county and subcounty
levels. Statistical significance of the coefficients was determined by the absence of zero overlapping in the 95%CIs (values in bold). In all the models, negative values of the coefficients indicated a
decrease in the rate of school-level infection or low values of PRR, whereas positive values of the coefficients indicated an increase in the rate of school-level infection or high values of PRR.
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ratio (C = 2.11, P < 0.001). In terms of PRR, lower school-level
PRR was significantly associated with a high (60–90) pupils
per latrine ratio compared with a very high (> 90 pupils) ratio
(C = −50.78, P < 0.001), whereas higher school-level PRRwas
significantly associated with seven rounds of treatment
compared with three rounds (C = 27.23, P = 0.042; Table 3).
Multivariable analysis of T. trichiura indicated that reduced
risk for school-level infection prevalence in year 5 was signif-
icantly associated with low (< 1%) baseline prevalence com-
paredwith > 50%baseline prevalence (C =−47.25,P< 0.001),
whereas increased risk was significantly associated with low
(25–50%) self-reported coverage of a household improved
water source compared with < 25% reported coverage (C =
9.26, P < 0.001) and a gradient effect on high (60–90) number
of pupils per latrine ratio compared with > 90 ratio (C = 7.88,
P = 0.001). In terms of PRR, high (50–75%) self-reported
coverage of a household handwashing facility equipped with
water and soap comparedwith < 25% reported coverage was
the only significant factor associated with lower school-level
PRR (C = −73.65, P = 0.030; Table 4).
Reduced risk of school-level S. mansoni prevalence in year
5 was significantly associated with low (< 1%) baseline preva-
lence compared with > 50% baseline prevalence (C = −48.95,
P < 0.001), three treatment rounds compared with zero rounds
(C = −5.91, P = 0.003), and high (> 75%) self-reported coverage
of a household improved water source compared with < 25%
reported coverage (C = −1.70, P = 0.015). In terms of PRR,
lower school-level PRR was significantly associated with a
low (one) number of treatment rounds compared with zero
rounds (C = −380.59, P = 0.001; Table 5).
Reduced risk of school-level S. haematobium prevalence in
year 5 was significantly associated with high AI (hyper-humid)
compared with semiaridity (C = −3.32, P = 0.025), whereas
increased risk was significantly associated with a low (two)
number of treatment rounds compared with zero rounds (C =
2.58, P = 0.029). In terms of PRR, higher school-level PRR
was significantly associated with 1–10% baseline prevalence
compared with > 50% baseline prevalence (C = 10.25, P =
0.001) and low precipitation of between 20 and 70 mm/hour
(showers of rainfall) compared with 70–280 mm/hour (thun-
derstorm rainfall) (C = 39.43, P < 0.001; Table 6).
DISCUSSION
Most research efforts within Kenya have previously fo-
cused solely on individual-level factors influencing the
TABLE 3
Multivariable analysis of factors associated with the school-level hookworm PRR among 199 schools surveyed during year 5 survey in Kenya
Covariate
Hookworm (Coefficient (95% CI), P-value)*
Prevalence PRR
Baseline prevalence, %
< 1 −3.10 (−4.46;−1.75), P < 0.001




Treatment rounds with ABZ
Three Reference
Four 20.16 (−0.86;47.08), P = 0.059
Six 26.76 (−6.88;68.10), P = 0.110
Seven 27.23 (1.13;65.41), P = 0.042
School WASH covariates
Overall pupil per latrine ratio
< 30 1.47 (0.59;2.36), P = 0.001 −10.53 (−30.29;8.89), P = 0.285
30–60 1.28 (0.50;2.07), P = 0.001 −2.07 (−21.64;14.65), P = 0.706
60–90 2.11 (0.97;3.25), P < 0.001 −50.78 (−76.76;−22.85), P < 0.001
> 90 Reference
School feeding program −1.09 (−1.85;−0.33), P = 0.005
PRR = prevalence relative reduction.
* Regression coefficients of association together with their 95%CIswere determined usingmultivariablemixed-effects linear regressionmodelswith a random intercept at county and subcounty
levels. Statistical significance of the coefficients was determined by the absence of zero overlapping in the 95%CIs (values in bold). In all the models, negative values of the coefficients indicated a
decrease in the rate of school-level infection or low values of PRR, whereas positive values of the coefficients indicated an increase in the rate of school-level infection or high values of PRR.
TABLE 4
Multivariable analysis of factors associated with the school-level T.




(95% CI), P-value)* prevalence
Baseline prevalence, %
< 1 −47.25 (−57.68;−36.82), P < 0.001
1–20 −44.07 (−54.64;−33.50), P < 0.001





household water source at
home, %
< 25 Reference
25–50 9.26 (5.52;13.01), P < 0.001
50–75 −2.40 (−6.49;1.69), P = 0.250
> 75 −0.53 (−3.77;2.70), P = 0.746
School WASH covariates
Overall pupil per latrine ratio
< 30 3.98 (0.74;7.22), P = 0.016
30–60 5.78 (2.92;8.65), P < 0.001
60–90 7.88 (3.41;12.34), P = 0.001
> 90 Reference
T. trichiura = Trichuris trichiura; PRR = prevalence relative reduction; WASH = water,
sanitation, and hygiene.
* Regression coefficients of association together with their 95%CIswere determined using
multivariable mixed-effects linear regression models with a random intercept at county and
subcounty levels. Statistical significanceof thecoefficientswasdeterminedby theabsenceof
zero overlapping in the 95% CIs (values in bold). In all the models, negative values of the
coefficients indicated a decrease in the rate of school-level infection or low values of PRR,
whereas positive values of the coefficients indicated an increase in the rate of school-level
infection or high values of PRR.
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epidemiology of STH and schistosomiasis,19,31–34 with little
focus to school location factors that may influence the in-
fection variation over time within small areas due to envi-
ronmental variables such as rainfall, land cover, soil type,
aridity, elevation, and LST, among other factors. Here, we
have evaluated, for the first time within a national program,
school location factors that may influence transmission dy-
namics in Kenya. This information is helpful in giving a de-
tailed context of the key factors driving the heterogeneity in
infection prevalence in some areas.
TABLE 5
Multivariable analysis of factors associated with the school-level S. mansoni PRR among 199 schools surveyed during year 5 survey in Kenya
Covariate
S. mansoni (Coefficient (95% CI), P-value)*
Prevalence PRR
Baseline prevalence, %
< 1 −48.95 (−54.79;−43.12), P < 0.001
1–10 −43.58 (−49.94;−37.23), P < 0.001
10–50 −37.14 (−43.03;31.24), P < 0.001
> 50 Reference
Treatment covariates
Treatment rounds with PZQ
0 Reference
One 2.49 (−4.77;9.77), P = 0.500 −380.59 (−610.36;−150.81), P = 0.001
Two −6.73 (−12.39;−1.06), P = 0.020 −143.78 (−387.49;99.93), P = 0.248
Three −5.91 (−9.78;−2.04), P = 0.003 −165.68 (−301.08;−30.29), P = 0.016
³ Four Insufficient obs −298.19 (−446.50;−149.87), P < 0.001
Household WASH covariates
Proportion of children reporting an
improved household water source at
home, %
< 25 Reference
25–50 1.47 (−0.33;3.28), P = 0.110
50–75 −0.82 (−2.82;1.18), P = 0.424
> 75 −1.70 (−3.40;0.01), P = 0.015
School WASH covariates
Overall pupil per latrine ratio
< 30 104.78 (−22.23;231.79), P = 0.106
30–60 −128.74 (−277.05;19.58), P = 0.089
60–90 65.99 (−138.45;270.44), P = 0.527
> 90 Reference
S. mansoni = Schistosoma mansoni; PRR = prevalence relative reduction; WASH = water, sanitation, and hygiene.
* Regression coefficients of association together with their 95%CIswere determined usingmultivariablemixed-effects linear regressionmodelswith a random intercept at county and subcounty
levels. Statistical significance of the coefficients was determined by the absence of zero overlapping in the 95%CIs (values in bold). In all the models, negative values of the coefficients indicated a
decrease in the rate of school-level infection or low values of PRR, whereas positive values of the coefficients indicated an increase in the rate of school-level infection or high values of PRR.
TABLE 6
Multivariable analysis of factors associatedwith the school-level S. haematobiumPRR among 199 schools surveyed during year 5 survey in Kenya
Covariate
S. haematobium (Coefficient (95% CI), P-value)*
Prevalence PRR
Baseline prevalence, %
< 1 Insufficient obs




Treatment rounds with PZQ
Zero Reference
One −0.02 (−2.09;2.05), P = 0.988
Two 2.58 (0.27;4.89), P = 0.029
Three 1.42 (−0.19;3.02), P = 0.083
³ Four Insufficient obs
Environmental covariates
Aridity index†
< 0.50 (semiarid) Reference
0.50–0.65 (dry sub-humid) −1.02 (−2.71;0.66), P = 0.235
0.65–0.75 (humid) −1.09 (−2.85;0.67), P = 0.226
> 0.75 (hyper-humid) −3.32 (−6.23;−0.41), P = 0.025
Precipitation (in mm/hour)
20–70 (showers rainfall) 39.43 (32.28;46.58), P < 0.001
70–280 (thunderstorm rainfall) Reference
S. haematobium = Schistosoma haematobium; PRR = prevalence relative reduction; WASH = water, sanitation, and hygiene.
* Regression coefficients of association together with their 95%CIswere determined usingmultivariablemixed-effects linear regressionmodelswith a random intercept at county and subcounty
levels. Statistical significance of the coefficients was determined by the absence of zero overlapping in the 95%CIs (values in bold). In all the models, negative values of the coefficients indicated a
decrease in the rate of school-level infection or low values of PRR, whereas positive values of the coefficients indicated an increase in the rate of school-level infection or high values of PRR.
†Classification of the values of aridity index was adapted from the UN Environment Programme (UNEP) (https://www.unenvironment.org/).
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Weexamined theseassociations using school-level data for
twomainoutcomes, infectionprevalenceand5-yearPRR,across
several domains: 1) individual worm species; A. lumbricoides,
hookworm, T. trichiura, S. mansoni, and S. haematobium. 2)
WASH exposures at school and community where the pupils
learn or live, 3) treatment coverage and MDA rounds, and 4)
environmental exposures around the school location. This is
helpful, given that the different helminths have different path-
ways of exposure. Care should be taken in interpreting the re-
gression coefficients for the two outcomes: prevalence and
PRR; we reiterate that throughout the models, negative values
of the coefficients indicated a decrease in the school-level in-
fectionprevalenceor lowerPRR,whereaspositive values of the
coefficients indicated an increase in the school-level infection
prevalence or higher PRR. It is easy to see that low values of
PRRmeans that the year 5 infection prevalence did not reduce
much fromyear 1, especiallywhen thebaselineprevalencewas
already low. Hence, low values of PRR can conversely imply
that there isstill substantially high infectionprevalenceatyear 5.
High values of PRR implied a greater reduction of prevalence
fromyear 1 to year 5; this is true especially if the factors favoring
prevalence reduction, suchas ahighnumber treatment rounds,
werepresent. Hence, highvaluesofPRRcan indicate that there
is reduced infection prevalence at year 5.
In Kenya, the spatial distribution of these infections in dif-
ferent regions and counties is well established,19,35–38 and is
believed to be influenced by diverse factors such as living and
socioeconomic conditions (e.g., type of building structure and
access to WASH facilities), environmental and climatic con-
ditions (e.g., soil type, elevation, and rainfall) that influence
individual behaviors, and infection transmission dynamics.
Herein, we objectively quantified some of these factors’ ex-
posure to school-level infection at a national scale.
The high number of treatment rounds was significantly as-
sociatedwith reduced infection prevalence, andconsequently
high PRR values, for A. lumbricoides and hookworm but not
for T. trichiura. It is important to note that helminthic treatment
in most parts of the country is usually performed annually
using single-dose oral albendazole (for STH and LF) and
praziquantel (for schistosomiasis). Therefore, this finding is
consistent with several other studies that have shown tre-
mendous efficacy of single-dose oral anthelminthic drugs
such as mebendazole and albendazole toward A. lumbricoides
and hookworm but not T. trichiura,39–43 which perhaps require
high treatment coverage coupled with prolonged 3-day dosing
regimen of albendazole,44 or drug combination of albendazole
ormebendazolecoadministeredwith ivermectin.45Assuch, the
high number of treatment rounds, per se, does not appear to be
sufficient to reduce the prevalence of T. trichiura. However, the
number of treatment rounds delivered showed mixed impacts
when it comes to schistosomiasis. Although more than three
rounds suggested reduced S. mansoni infection, it did not re-
veal thesame forS.haematobium,which increasedwith the low
number of treatment rounds. This could be explained by the
occasional irregular and inconsistent delivery of praziquantel
drug by the Kenyan national NTD control program.8
Categorization of the country according to different treat-
ment programs, that is, areas treatedbyNSBDonly, and those
co-treated by other partners, unmasked the usually assumed
NSBD program-wide impact. As such, areas treated by both
NSBD and other partner programs showed significant re-
duction of prevalence, especially for A. lumbricoides. In
addition, it showed significantly high PRR values for T. tri-
chiura. The cumulative effect of multiple related program in-
terventions on the same areas covered by the NSBD program
was the increased treatment coverage and rounds. Again, the
effect could have not been more pronounced on other STH
species because the single-dose albendazole drug used by
most of these partner programs is usually less efficacious
against T. trichiura40; in addition, hookworm prevalence at the
year 5 survey could have been too low to show any significant
association. Consequently, these additional programs’ par-
ticipation did not seem to add any treatment benefit to
schistosomiasis; this was mainly true because none of them
delivered praziquantel drug.
Child-reported community-level factors such as high cov-
erage of household handwashing facilities equipped with water
and soap and improved household water source were vital in
providing community protection against A. lumbricoides and
equallyT. trichiura, respectively. The importance of theseWASH
conditions in decelerating the infection burden, especially for
STH, cannot be overemphasized as several studies have in-
dicated their role as complementary interventions necessary,
alongside chemotherapy, in accelerating the attainment ofNTD
elimination.46–49 From this result, we can infer that these two
WASH conditions are interdependent and effectively provide
stronger protection when they are accessible together. For in-
stance, effective handwashing behavior may depend on com-
munity access to an improvedwater source that reliably supply
water.47 We also noted that high-community population den-
sity increasedS.mansoniprevalence. Thisfindingagreeswitha
previous study carried out on the shores and islands of Lake
Victoria, Kenya, that significantly associated it with S. mansoni
infection risk.38 Theoretical modeling studies had previously
determined that the basic reproduction number ðRoÞ of schis-
tosomiasis linearly increased with human density.50–52 The in-
fluence of the population density on the S. mansoni infection
risk can be explained by the numerical dynamics of the
transmission and by the fact that densely populated areas,
which often have poorly managed sewerage system, mean
greater availability of human hosts and, if coupled by poor
hygiene behaviors (e.g., human defecation or urination di-
rectly into water bodies), promote access of Schistosoma
miracidiae to snails.53,54 We therefore strongly recommend
safemanagement of wastewater in densely populated areas/
urban settings as well as proper development of the urban
physical environment.
Interviewer-observed school conditions such as high pop-
ulation of pupils in a school and high number pupils per latrine
increased the prevalence for all the STH species. This finding
is supported by other studies that have reported possible
impacts of high population in schools and a high number of
pupils per latrine as occasioned by increased dirtiness in the
latrines due to overwhelming demand on the limitedly avail-
able latrines, which can lead to increased fecal exposure and
contamination.55,56 Other studies have warned that simply
meeting the pupils to latrine ratio in the absence of reduction
on school population anddisease-exposurepathwaysmaybe
insufficient to improve health.57,58 In addition, we observed
that availability of the school feeding programwas associated
with significantly reduced hookworm prevalence. Usually,
school feeding programs have been shown to improve nutri-
tional status of the schoolchildren and positively impact their
health and educational outcomes.59 The positive impact of
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these programs on parasitic infection control can be linked to
the epidemiology of the infections and the fact that they can
cause serious nutritional deficiency and contribute to ane-
mia,60 a key characteristic of hookworm infection. As such,
proper nutrition can be key in suppressing devastating effects
of helminths and schistosomiasis.
Our assessment of the above community and schoolWASH
conditions helped to gauge the country’s progress toward
reducing inequalities inWASHservices at both household and
school levels among the disadvantaged segment of the
population (schoolchildren). Our reporting focused on the
following long-standing WASH-sector objectives, which are
also reflected in the global sustainable development goal
(SDG) targets and indicators related to WASH: 1) improving
access to safe and affordable drinkingwater, and 2) improving
access to adequate sanitation and hygiene and ending open
defecation.61 It is important to note that achieving these uni-
versal SDG targets requires faster progress among these
disadvantaged groups.62
The inclusion of the environmental factors in the models
quantified insightful results toward infection transmission
dynamics for different species in Kenya. In short, environmental
exposure due to school location appeared to be a stronger
determinant of infection than individual characteristics.38,63
From our models, we were able to show that reduced A. lum-
bricoides infection was associated with high LST of above
25C, moderately low amount of precipitation (of 20–70 mm/
hour), and low elevation (near sea level). High AI was associ-
ated with increased A. lumbricoides but reduced S. haema-
tobium. Moderate (20–25C) LST and moderately steep slope
were associated with increased hookworm prevalence,
whereas increased S. mansoni prevalence was associated
with high LST and clay soil type. The environmental associa-
tions presented here are consistent with the known biological
determinants of helminth transmission.64–66 Actually, past
experimental studies have categorically shown that the de-
velopment of free-living infectious stages of A. lumbricoides
and T. trichiura die off at 38C and hookworm at 40C.35,67–69
This is further supported by a large-scale geospatial study
that illustrated the relationship between STH prevalence
across Kenya and maximum LST,35 from that study and
other related studies; areas masked as unsuitable for STH
transmission had LST > 40C.68 Furthermore, rigorous
geostatistical variable selection methods have in the past
identified specific environmental and ecological determi-
nants that govern the helminth geographical distribution and
lifecycles in a complex way in various regions.69,70 From
these studies, the distribution of A. lumbricoides was posi-
tively associated with high precipitation above 400 mm and
hyper-humidity.70 This is true because high humidity has
been associated with the faster development of parasite
eggs in the free environment, whereas low humidity was
seen as unfavorable for embryonation of A. lumbricoides.71
Past studies have indicated that toomuch precipitation (rain)
is unfavorable to the infectious materials in the environment
because the rain may carry them away in the runoff.72,73 The
observation that moderately steep slope and soil type may
enhance infection risk is supported by other environmental
studies that have suggested that migration of the infectious
materials can be faster on a sloppy landscape, where they
can move as deep as 15 cm and as far as 40 cm from the
center of fecal pat.72
To conclude, we believe that this kind of robust assessment
of the associated factors influencing the transmission dy-
namics of STH and schistosomiasis, although not casual in
nature, offers a general indication of the school and commu-
nity environments where children learn and live in. This as-
sessment prides in the use of large-scale deworming program
data like the Kenyan NSBD, and can be critical in influencing
evidence-based policy decisions to the control programs,
nationally and globally, as the world rallies toward the elimi-
nation goal.
Study limitations.Weacknowledge some limitations of our
study. First, a detailed WASH questionnaire was only admin-
istered during year 6 survey, approximately 12 months after
the year 5 survey. This introduced a time gap between year 5
prevalencedata and someof theWASHdata. The use of these
year 6 WASH data further introduced some missingness on
some of the WASH variables because during year 6, only 100
schools instead of 199 were surveyed because of change on
the M&E design. Second, although we recorded no evidence
for bias caused by self-reportedWASH data, the possibility of
existence of such bias is a further limitation.
CONCLUSION
Our findings show evidence that school-level prevalence,
especially for STH infections, was strongly influenced by en-
vironmental conditions such as LST, precipitation, elevation,
and AI. The presence of schistosomes, especiallyS. mansoni,
was influenced by the type of soil. In addition, other factors
such as the low number of treatment rounds, community
coverage of handwashing facilities and improved water
source, high population density both at community and
school, and a high number of pupils to latrine ratio were sig-
nificantly associated with increased infections. Hence, for
sustainable control and elimination of these infections, going
forward, refining and designing of programmatic interventions
need to address the inclusion of the aforementioned factors.
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